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g (54) Title: DEVICE FOR THE STUDY OF LIVING CELLS 

(57) Abstract: A cell study device, comprising, a base layer, a planar conduit defining layer, including a conduit cut out of the layer; 
^) and a planar cover layer which defines a capillary flow channel in said conduit layer, said conduit layer and said cover layer acting 
^ as side walls for said capillary flow channel, wherein said layers are formed of materials that do not interfere with cell behavior over 

a period of at least 5 hours when loaded with aqueous solution. 



WO 2009/081409 PCT/IL2008/001678 



DEVICE FOR THE STUDY OF LIVING CELLS 

RELATED APPLICATIONS 
5 The present application claims the benefit under 35 USC 119(e). of US Provisional 

Application No. 61/006,130 filed 26 December 2007 and is a Continuation in part of a PCT 
Application No. PCT/ IL2008/001492 filed 13 November 2008 which is a continuation of US 
Application No. 11/940,996 filed 15 November 2007, the disclosures of all of which are 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention, in some embodiments thereof, relates to the field of devices for 
biology, and more particularly, but not exclusively, to devices useful for the study and/or 
maintenance of a plurality living cells. 

15 BACKGROUND OF THE INVENTION 

The study of cell behavior is important in many fields including biology, medicine and 
pharmacology. Since cell-functions include many interrelated pathways, cycles and chemical 
reactions and since there is a large variation of cell biochemistry amongst similar cells, the 
study of a bulk of cells, whether the bulk is homogenous or heterogeneous, does not usually 

20 provide sufficiently detailed or interpretable results: rather a comprehensive study of cell 
biological activity is often advantageously performed by examining single isolated living cells as 
individuals. The use of single-cell assays is an important tool for understanding biological 
systems and the influence thereupon of various stimuli such as exposure to active entities. 

In order to understand cell behavior, for example, such as the response to stimuli such 

25 as various biological modulators, two fundamental research capabilities are often desirable (i) 
the ability to track temporal behavior of large groups of cells as individuals for periods of 
minutes, hours and even days and (ii) the ability to identify and study cell heterogenity, a 
phenomenon existing even in synchronized cell lines. 

30 SUMMARY OF THE INVENTION 

Some embodiments of the present invention provide a device including an array of 
wells and capillary channels to lead fluid form and to the cells, optionally formed on a glass slide 
and being useful the study of a plurality of cells as individuals. In an exemplary embodiment of 
the invention, the device is constructed of materials and has a structure selected so that the 

35 device has a desired degree of capillary flow. In an exemplary embodiment of the invention, the 
device is formed of multiple layers with apertures therein, laid one on the other and defining 
capillary flow in spaces between. 

There is provided in accordance with an exemplary embodiment of the invention, a cell 
study device, comprising: 
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a base layer; 

a planar conduit defining layer, including a conduit cut out of the layer; and 

a planar cover layer which defines a capillary flow channel in said conduit layer, said 
conduit layer and said cover layer acting as side walls for said capillary flow channel, 

wherein said layers are formed of materials that do not interfere with cell behavior over a 
period of at least 5 hours when loaded with aqueous solution. 

In an exemplary embodiment of the invention, the device comprises a cell holding area 
defined in fluid contact with said capillary flow channel. Optionally, said cell holding area 
includes at least one orientation mark visible under microscopy. Optionally or alternatively, said 
cell holding area is masked by a masking layer underlying said conduit layer. 

In an exemplary embodiment of the invention, said cell holding area is mounted on said 
base layer. 

In an exemplary embodiment of the invention, said cover layer includes an air hole for 
air release form said capillary flow channel. 

In an exemplary embodiment of the invention, said capillary flow channel defines a 
substantially sealed waste reservoir with no fluid exit. 

In an exemplary embodiment of the invention, said capillary flow channel defines a 
substantially sealed waste reservoir with an absorbent material as a fluid exit. 

In an exemplary embodiment of the invention, said cover defines a fluid inlet area for 
said capillary flow conduit 

In an exemplary embodiment of the invention, said device is packaged in vacuum. 

In an exemplary embodiment of the invention, said conduit layer is permanently 
adhesive to said cover layer. Optionally, said device is provided with a removable non-stick 
layer intermediate most of said cover layer and said conduit layer. 

In an exemplary embodiment of the invention, said conduit layer is temporarily adhesive 
to said cover layer. 

In an exemplary embodiment of the invention, said device is formed essentially of 
layered planar layers. 

In an exemplary embodiment of the invention, said conduit layer is adhesive on both its 

faces. 

In an exemplary embodiment of the invention, said layers are selected of dissimilar 
materials with dissimilar contact angles with fluids. 

In an exemplary embodiment of the invention, said device has the form factor of a 
standard microscope slide. 

In an exemplary embodiment of the invention, said device has the form factor of a 
standard microtitter plate. 

In an exemplary embodiment of the invention, said materials do not interfere for at least 

24 hours. 
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In an exemplary embodiment of the invention, said cover layer is openable for access to 
said capillary conduit and removal of cells therefrom. 

There is provided in accordance with an exemplary embodiment of the invention, a kit, 
comprising: 

(a) a cell study device including a capillary flow conduit and a cell holding area; and 

(b) at least an indication of one or both of a capillary flow rate and a cell dislocation rate 
therein. Optionally, the kit comprises a plurality of different cell study devices, each with different 
sets of flow rate and dislocation rate. Optionally or alternatively, said indication is per one or both 
of fluid property and cell type. Optionally or alternatively, said indication comprises a machine 
input indication. Optionally or alternatively, said indication comprises a human readable 
indication. 

In an exemplary embodiment of the invention, the kit comprises instructions explaining 
said indications. 

In an exemplary embodiment of the invention, the kit comprises software on a computer 
readable media for using said indications. 

There is provided in accordance with an exemplary embodiment of the invention, a pre- 
assembled and packaged cell study device including: 

a capillary flow conduit; 

a cell holding area; and 

at least one non-adhesive layer, designed for removal and interfering with adhesion of at 
least two parts of said device, said interfering inactivating said capillary flow conduit. Optionally, 
said adhesion is permanent, when said non-adhesive interfering layer is removed. 

There is provided in accordance with an exemplary embodiment of the invention, a 
method of assembling a cell study device, comprising: 

(a) selecting desired device characteristics; 

(b) selecting device components from a set of pre-manufactured components, said 
selected components selected to interact to provide said characteristics; and 

(c) assembling said components to provide said device with said desired characteristics. 
In an exemplary embodiment of the invention, said set includes components of 

difference wettability. Optionally or alternatively, said set includes components defining different 
capillary flow conduit geometries. Optionally or alternatively, said set includes components 
defining different cell holding area geometries. 

There is provided in accordance with an exemplary embodiment of the invention, a cell 
study device, comprising: 

a capillary flow conduit having an inlet, enclosed on four sides and sealed on a distal 
end; and 

at least one air release aperture defined in a top of said conduit. 

There is provided in accordance with an exemplary embodiment of the invention, a cell 
study device, comprising: 
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at least one array of cell holders; 

a double sided adhesive layer masking some of said cell holders; and 

a layer defining one or both of capillary channels and walls mounted on said adhesive 
layer. Optionally, said device comprises a plurality of fluidicly disconnected cell holder arrays. 
Optionally or alternatively, said adhesive layer is apertured. Optionally or alternatively, said walls 
are at least 2 mm high. 

There is provided in accordance with an exemplary embodiment of the invention, a 
method of forming a cell study device, comprising adhering a plurality of precut dry or wet layers 
by applying pressure and defining at least one capillary flow channel between layers, thereby. 
Optionally, the method comprises: 

annealing said device under heat; 

soaking said device in a solvent matched to said adhering; and 
washing away said solvent. 

In an exemplary embodiment of the invention, the method comprises embossing a ceil 
holding area on said device. 

In an exemplary embodiment of the invention, the method comprises essentially of said 
adhering 

In an exemplary embodiment of the invention, said adhering comprises adhering, or post 
treatment in a low atmospheric pressure condition. 

there is provide din accordance with an exemplary embodiment of the invention a 
method of studying cells, comprising: 

(i) determining one or both of desired flow rates for fluid used during a study and a rate 
of cell dislocations for a cell type or aggregate used during the study; 

(ii) selecting a cell study device including a capillary flow conduit and a cell holding area 
to match said determinations; and 

(iii) using said selected device with said cell type in said study. 

In an exemplary embodiment of the invention, selecting comprises selecting from a 
plurality of devices in a kit. 

In an exemplary embodiment of the invention, selecting comprises selecting according 

to a catalog. 

In an exemplary embodiment of the invention, selecting comprises recommending by a 
computer. 

In an exemplary embodiment of the invention, selecting comprises a device according to 
a contact angle between fluid used in the study and said capillary flow conduit. 

In an exemplary embodiment of the invention, selecting comprises a device according to 
a conduit cross-section. 

In an exemplary embodiment of the invention, said device has a capillary flow rate of 
less than 1 micro-liter per second. 
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In an exemplary embodiment of the invention, said device has a cell dislocation rate of 
less than 10% per said study. 

In an exemplary embodiment of the invention, said device includes at least one baffle to 
control capillary flow rate. 

In an exemplary embodiment of the invention, said device includes a substantially 
sealed exit reservoir with at least one air hole to control capillary flow rate. 

In an exemplary embodiment of the invention, said device includes side walls in said 
capillary flow conduit which control capillary flow rate. 

In an exemplary embodiment of the invention, said device includes one or more changes 
in geometry at said cell holding area, which changes control cell dislocation rate. 

In an exemplary embodiment of the invention, said device allows application of cells 
directly to said cell holding area without capillary flow. 

In an exemplary embodiment of the invention, said selecting comprises selecting 
according to a desired delivery rate of cells along said capillary flow to said cell holding area. 

In an exemplary embodiment of the invention, said cell holding area comprises non- 
adhesive picowells. 

In an exemplary embodiment of the invention, the method comprises modifying a fluid 
used during a study to maintain said desired rate. 

Unless otherwise defined, all technical and/or scientific terms used herein have the 
same meaning as commonly understood by one of ordinary skill in the art to which the invention 
pertains. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of embodiments of the invention, exemplary methods and/or 
materials are described below. In case of conflict, the patent specification, including definitions, 
will control. In addition, the materials, methods, and examples are illustrative only and are not 
intended to be necessarily limiting. 

BRIEF DESCRIPTION OF THE FIGURES 

Some embodiments of the invention are herein described, by way of example only, with 
reference to the accompanying Figures. With specific reference now to the drawings in detail, it 
is stressed that the particulars shown are by way of example and for purposes of illustrative 
discussion of some embodiments of the invention. In this regard, the description taken with the 
Figures makes apparent to those skilled in the art how some embodiments of the invention may 
be practiced. 

In the Figures: 

FIG. 1 A is a schematic depiction of a device useful for the study of cells, disassembled 
to show components thereof, in accordance with an exemplary embodiment of the invention; 

FIG. 1B is a reproduction of a SEM image of a well array of a device for the study of 
cells, in accordance with an exemplary embodiment of the invention; 
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FIGs. 2 and 3 are schematic depictions of a device for the study of cells, in accordance 
with an exemplary embodiment of the invention; 

FIGs. 4A-4F depict the use of a device such as depicted in Figures 1, 2 and 3 for the 
study of cells, in accordance with an exemplary embodiment of the invention; 
5 FIGs. 5A-5G schematically depict various devices useful for the study of cells, in 

accordance with exemplary embodiments of the invention; 

FIGs. 6A and 6B illustrate an alternative ceil study device, in accordance with an 
exemplary embodiment of the invention; 

FIGs. 6C-6H illustrate exemplary sizes for parts of the device of FIGs. 6A-6B; 
10 FIG. 7 illustrates an alternative design of a device for studying cells, in accordance with 

an exemplary embodiment of the invention; 

FIG. 8 is a flowchart of a method of using the device of FIGs. 6A-6H, in accordance with 
an exemplary embodiment of the invention; 

FIGs. 9A and 9B illustrate devices manufactured using double-sided tape, in 
15 accordance with exemplary embodiments of the invention; 

FIG. 10A illustrates a dual-array slide design, in accordance with an exemplary 
embodiment of the invention; and 

FIGs. 10B-10D illustrate additional multi-array slides, in accordance with exemplary 
embodiments of the invention. 

20 

DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION 

The present invention, in some embodiments thereof, relates to the study of living cells 
and, more particularly, but not exclusively, to a device including an array of wells, the device 
useful the study of a plurality of cells as individuals. In an exemplary embodiment of the 
25 invention, what is provided is means and methods and methods of manufacture, of a support 
system including capillary flow to and from a cell study area. 

In an exemplary embodiment of the invention, what is provided is a microscope slide 
including a picowell array and using capillary action to provide fluid to and from the well array. 
Optionally, the rate of flow is controlled by design methods and/or by user selection. Optionally, 
30 the device is pre-assembled. Optionally or alternatively, the device is formed of a plurality of 
planar layers with apertures formed therein. Optionally, one of the apertures serves to mask an 
underlying cell holding array. Optionally or alternatively, the apertures define one or more 
capillary flow channels. Optionally or alternatively, the apertures define an air release opening. 

In an exemplary embodiment of the invention, the device is designed to be a single 
35 piece device with a cover which can seal to underlying layers and define capillary conduits 
therewith. Optionally, a separating layer is provided between the cover and underlying layers, at 
least over part of their interface, and is selectively removed by a user, during use. 

In an exemplary embodiment of the invention, at least some of the layers are adhesive 

layers. 
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In an exemplary embodiment of the invention, what is provided is a high-content single 
live cell assay device which allows the study of real-time responses to stimuli in large and 
heterogeneous cell populations at an individual cell level. Such a device may be used to one or 
more of: 

5 study each cell from a plurality of cells as an individual, observing the real-time 

response of the cells to intervention using probes to monitor morphological responses, 
intracellular and extra-cellular parameters, as well as cell-cell interaction; 

perform long-term, non-intrusive, repeated measurements on intact, living, adherent or 
non-adherent cells, including bone marrow cells; 
10 perform multiple functional assays on living cells, followed by immuno-staining and 

chromatic staining on the same cells following fixation; 

perform kinetic measurements of non-synchronous activities in individual cells; 
analyze and compare actual quantitative measurements of sub-populations and 
individual cells as opposed to recording the mean values of entire population; and/or 
15 perform quantitative measurements on a cellular-to-molecular level, for example, 

assays, killing cells in situ and then bursting them in situ for further analysis, feeding cells 
various substrates and/or exposing individual or groups of cells to various stimulus. In some 
embodiments, the cell holding sections include both individuals cells and groups of cells, for 
example, in different parts of the cell holding area. 
20 Some devices and methods for multiple single cell study are taught in the PCT Patent 

Applications published as WO2003/035824, WO2004/1 13492, WO2005/007796, 
WO2006/003664, WO2006/080000 and WO2007/052245 which include Inventor Mordechai 
Deutsch, all of which are included by reference as if fully set forth herein. Features of such 
devices may be used in accordance with some exemplary embodiments of the invention. 
25 In an exemplary embodiment of the invention, devices for the study of cells include a 

picoweli-bearing component. In some embodiments, a picowell-bearing component is a 
component having at least one, but generally a plurality of picowells, each picowell configured 
to hold at least one cell. The term "picowell" is general and refers to a "small well", that is 
physical feature that localizes a cell (or group of cells) to a specific area on a planar surface of 
30 the picowell-bearing component using by physical confinement. In some embodiments, a 
picowell-bearing component is a "carrier 1 ', a substantially planar component such as a chip, 
plate, sheet or slide. The term "picowell" is generally a discrete cavity of a size and shape 
suitable for retaining cells therein where the size and shape are defined by some physical 
features such as walls. The term "picowell" includes physical features such as wells, dimples, 
35 depressions, pits, tubes and enclosures. 

Since cells (or cell spheroids) typically range in size from about 1 micrometers to about 
400 (e.g.. oocytes) micrometers diameter there is may not be a single picowell size that is 
appropriate, for holding a single cell of any type. That said, the dimensions of the typical 
individual picowell in the picowell-bearing components optionally have dimensions suitable for 
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accommodating cells having diameters of between about 1 micrometer up to about 500 
micrometers, depending on the exact implementation, for example round or hexagonal 
picowells having a diameter of from about 1 micrometer up to about 500 micrometers. For 
example, a picowell-bearing component of a device designed for the study of single isolated 8 

5 to 20 micrometer diameter cells typically has picowells of dimensions of about 20 micrometers. 
In some embodiments, larger picowells are used to study the interactions of a few cells held 
together in one picowell. For example, a 200 micrometer picowell is recognized as being useful 
for the study of cell spheroids or the interactions of two, three or more cells, for example, as 
discussed in the PCT Patent Application published as WO 2003/Q35824. 

10 A feature that increases the utility of some embodiments of the picowell-bearing devices 

is that the picowells are juxtaposed, that is to say the walls separating the individual picowells 
are thin (relative to the size of the picowells) so that the area occupied by a picowell-array is 
substantially entirely made up of picowells with little or no inter picowell area. In an exemplary 
embodiment of the invention, wails separating picowells are less than 1 micrometer wide so that 

15 the inter-picowell area of the picowell array makes up only a minor percentage of the total area 
of the picowell-array. This feature can allow near tissue-density packing of cells, especially in 
embodiments configured to hold a single cell in each picowell. 

In an exemplary embodiment of the invention, at least some of the picowells are not 
etched or embossed and therefore are full and are optionally used for optical alignment and/or 

20 as landmarks. 

In an exemplary embodiment of the invention, a 2.2 mm by 2.2 mm picowell-array of 
hexagonally-packed juxtaposed picowells having a 10 micrometer diameter includes about 
61,600 picowells. Optionally or alternatively, this feature allows simple loading of the picowells 
with cells: a liquid containing suspended cells is introduced in the volume above picowells of the 

25 appropriate size. Since there is little inter-picowell area, cells, when they settle, mostly settle in 
the picowells. After the cells settle, a flow of liquid applied in parallel to the surface of the 
picowell array either washes away cells resting on a wall separating picowells or leaning on 
another cell in a picowell, or pushes such a cell into an unoccupied picowell. In such a way, the 
only cells in the proximity of the picowell array are cells held in a picowell, where each picowell 

30 holds only the number of cells for which it is configured, for example, one cell per picowell, two 
cells per picowell or three cells per picowell. 

In an exemplary embodiment of the invention, the picowell-bearing component is a thin, 
transparent carrier and the cells are observed from below with an inverted microscope or similar 
device, for example by detection of light emitted by fluorescence or direct optical observation of 

35 the celts. In such embodiments, it is important that the bottoms of the picowells on which the 
cells rest be as coplanar as possible: coplanarity allows for optical observation of many cells 
(whether by scanning or simultaneously using a wide-angle observation component) without the 
need for time consuming and difficult-to-implement refocusing. In such embodiments it is also 
important that the carrier be as flat and planar as possible, be of a uniform thickness and be as 
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homogenous as possible so that the carrier be as optically neutral as possible, to allow 
observation of the cells with as little distortion as possible. 

In an exemplary embodiment of the invention, imaging is form above, for example, if the 
device is configured as a microscope slide, for example, in size, shape and transparency, or in 
5 another standard form factor, such as a microtitter plate or any other common lab substrate. 

In an exemplary embodiment of the invention, the use of a device for studying cells 
including a picowell-bearing component typically involves loading picowells with cells in a 
physiological medium and then observing the cells as individuals while exposing the cells to 
various stimuli to study the effect of the stimuli on the individual cells. 
10 In some instances, it is desirable to expose cells to a first stimulus, for example to a first 

medium containing a first active agent and after a time to expose the cells to a second stimulus, 
for example to a second medium containing a second active agent. In an exemplary 
embodiment of the invention, the first medium is preferably entirely replaced with the second 
medium in proximity with the cells held in the picowell array. 
15 In an exemplary embodiment of the invention, a device is provided where a picowell 

array is in fluid communication with an inlet reservoir through a capillary inlet and with a waste 
reservoir through a capillary outlet. Liquid such as a first medium is added in the inlet reservoir 
and drawn by capillary action to and past the picowell array and to the waste reservoir, 
optionally without needing pumps or complex interfaces. When the inlet reservoir is empty, a 
20 second medium is added to the inlet reservoir and drawn by capillary action to displace the first 
medium to and past the picowell array and to the waste reservoir. A device including a picowell 
array in contact with flow is shown in the PCT patent application published as WO2006/080000. 
In an exemplary embodiment of the invention, a waste reservoir is provided sealed on all sides 
except for an inlet from the well array and including an air hole to release air. Optionally, a piece 
25 of absorbent paper or other suitable material is provided to wick fluid out of the reservoir. 

In an exemplary embodiment of the invention, the capillary channels serve to define a 
flow rate, so that even if medium is supplied at too high a rate, the actual rate reaching the cells 
is a known controlled rate. 

Before explaining at least one embodiment of the invention in detail, it is to be 
30 understood that the invention is not necessarily limited in its application to the details of 
construction and the arrangement of the components and/or methods set forth in the following 
description and/or illustrated in the drawings and/or the Examples, if any. The invention is 
capable of other embodiments or of being practiced or carried out in various ways. 

In addition it is noted that while the description focuses on picowell arrays, the 
35 manufacturing methods and capillary flow methods and/or other features described herein may 
be used with a cell holding area of a different type, for example, an adhesive cell holding area. 
In an exemplary embodiment of the invention, a chemical coating or treatment is provided on 
the surface of the substrate where the cells are about to sediment, e.g. Avidin-Biotin, poly-L- 
Lysine or Cell-Tack™ cell adhesion agents. 
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An embodiment of a device of the present invention, device 10, is depicted 
disassembled in Figure 1A. 

In an exemplary embodiment of the invention, device 10 consists essentially of five 
discrete components: a base plate 12, two spacers 14a and 14b, an inlet reservoir component 

5 16 and a cover 18. As shown, the components are provided in three planar layers, a base 
including picowells, a flow conduit defining layer and a cover. In an exemplary embodiment of 
the invention, the cover defines capillary flow channels together with the flow conduit layer. 
Also, while the conduit defining layer is shown to be made of multiple components, in some 
embodiments, it is provided as a single planar component, for example, a stack of adhesive 

10 layers as described below. 

In an exemplary embodiment of the invention, when provided as a single layer or as 
components, parts may be formed, for example, by die cutting, knife cutting, laser cutting, sand 
cutting and/or other cutting method known in the art. Optionally, a single sheet of material or 
laminate is cut using a die or laser to define multiple conduits and/or apertures, as needed, and 

15 then attached onto a large base or arrangement of base parts (e.g., optionally defining multiple 
devices in one or two dimensions). Optionally, the large base is cut after assembly into smaller 
parts as needed. Optionally or alternatively, the layers are scored to make cutting and/or 
separation of individual components, easier. 

Base plate 12 of device 10 is substantially a transparent glass (or plastic) microscope 

20 slide (e.g., 0.17mm - 1mm thick, 2.54 cm wide, 7.62 cm long, though other standard sizes may 
be supported) on which a circular 1 cm diameter well array 20 for the study of cells has been 
embossed, for example from a UV-curable adhesive such as NOA-61, NOA-63 or NOA-81 
(Norland Products Inc., Cranbury, NJ, USA, USA). Embossing is performed, for example, by 
applying a drop of the fluid precursor of the adhesive and curing the fluid precursor while in 

25 contact with a die (made, for example, from a metal such as Teflon-coated metal, glass, PDMS 
or silicone rubber) having a negative of the well array. The drop of adhesive disperses between 
the slide and the die and forms a thin layer (e.g., 10-100 micrometers thick). After the adhesive 
has set, the die is peeled away or otherwise removed. 

Optionally or alternatively to embossing, the glass is etched. In an exemplary 

30 embodiment of the invention, a layer (not shown) is provided over the glass, but not over the 
picowells, or not over the active picowells, to match the height of the wells to the conduits. 
Optionally or alternatively, the thickness of the conduit layers is selected to have desired 
properties (e.g., of flow rate and/or cell dislocation), taking into account the thickness of the 
picowell area. In an exemplary embodiment of the invention, the entire glass slide is etched or 

35 embossed with picowells, and these are covered over by adhesive tape or adhesive or another 
layer, except in area of the active picowells. 

In an exemplary embodiment of the invention, the final thickness of the device is 
selected to be the same as a standard thickness of a glass slide. Optionally, the slide is 
provided with boundaries on one or more side and the layers and components are placed within 
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such boundaries. Optionally, the slide is pre-manufactured to include a recessed region where 
the picowells and/or components and/or their cover are placed, so that the slide is surrounded 
on one or more sides by original slide material. Optionally, such a structure provided a more 
robust device. 

5 Optionally, additional step(s) are carried out to stabilize the structure and its adhesion to 

the base and/or to extract and remove non-polymerized residues of the adhesive which may 
harm cells. These steps optionally include one or both of annealing in mild temperature (~60°C) 
for at least one hour and then soaking in 90% ethanol for 5 days. This process is optionally 
shortened if UV curing is longer and/or leave less monomers. Such soaking may be important to 
10 extract toxic un-cured agents from the polymerized adhesive. In a final step the slides are 
optionally rinsed in distilled water or fresh ethanol to wash away debris and/or residues of 
foreign materials. 

Figure 1 B is a reproduction of a photomicrograph of the surface of well-array 20. It is 
seen that well array 20 is an array 20 micrometer diameter 8 micrometer deep circular wells 22 

15 hexagonally-packed that are juxtaposed so that two adjacent wells 22 are separated by a wall 
24 that is less than 1 micrometer wide so that the distance between the two adjacent wells 22 is 
not more than 110% of the well-dimensions (less than 21 micrometer interwell distance / 20 
micrometer well width). In an exemplary embodiment of the invention, flat bottomed picowells 
are manufactured by DRIE (deep reactive ion etching) etching. 

20 Spacer 14 may be made of one contour or created from several parts, such as Spacers 

14a and 14b and inlet reservoir component 16. The spacers are optionally about 0.5 mm thick 
and made of plurality of double-sided adhesive sheets, with or without a strengthening layer in- 
between. As discussed herein, the spacer height is one of the parameters which can be 
modified to control the capillary forces and the fluid velocity. An additional such parameter is the 

25 materials used for spacer 14 and/or in contact with fluid. As will be discussed below, when 
device 10 is assembled, spacers 14a and 14b and inlet reservoir component 16 define, at least 
partially, an inlet reservoir 26, an optinal flow regulator 28a, and a waste reservoir 30. 

Cover 18 is optionally a thin (0.17 mm) glass cover slip or another transparent material, 
such as a flexible transparent plastic sheet Optionally, the cover is preassembled with the 

30 device (such as being partly-adhered), prior to provision to an end user and/or prior to use. 

Optionally, for assembly, the components are stacked together so that the adhesive of 
spacers 14a and 14b and inlet reservoir component 16 adheres to base plate 12 and cover 18. 
Optionally, a separate adhesive layer is provided, for example, being brushed or sprayed on. 
35 Device 10 is depicted assembled in a perspective view in Figure 2 and in side view in 

Figure 3. The assembly of the various components helps define inlet reservoir 26, flow regulator 
28a and/or waste reservoir 30. 
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An exemplary use of device 10 in implementing a method for studying a plurality of cells 
as individuals is described with reference to Figures 4A-4R 

In Figure 4A, a pipette 36 is used to apply a drop of a first liquid 38 (e.g., a suspension 
of living cells having a diameter appropriate to picowells size, range e.g. 10um to 400um) into 

5 inlet reservoir 26 defined by inlet reservoir component 16 and the edge of cover 18. Optionally, 
the distance between cover 18 and base plate 12 is 0.5 mm as defined by spacers 14a and 
14b. Such a distance is sufficient to draw first liquid 38 including cells suspended therein, by 
capillary action, into proximity of well array 20, through flow regulator 28a and into waste 
reservoir 30. As the space between base plate 12 and cover 18 is open, air displaced by the 

10 introduction of the liquid escapes. 

As depicted in Figures 4B and 4C, as first liquid 38 passes well array 20, cells 40 settle 
into individual wells 22. Flow regulator 28a is relatively narrow (2 mm wide) and so acts as a 
bottleneck, regulating the flow of liquids by slowing the flow of liquid such as first liquid 38 
therethrough. The flow-regulating effect substantially ensures that cells 40 have time to settle in 

15 wells 22 and are not simply carried away. Cells 40 that do not settle in a well 22 are eventually 
washed away by the flow of first liquid 38 to waste reservoir 30. 

Optionally, after inlet reservoir 26 is empty of first liquid 38 (or while containing some 
liquid), a second liquid 42 is added to inlet reservoir 26, as depicted in Figures 4D and 4E. 
Second liquid 42 is drawn by capillary action into and past well array 20, through optional flow 

20 regulator 28a and into waste reservoir 30, all the while optionally displacing first liquid 38. In an 
exemplary embodiment of the invention, the flow-regulating effect of flow regulator 28a reduces 
flow velocity so that cells 40 held in wells 22 are not displaced out of wells 22 and carried away 
to waste reservoir 30 or move to other wells 22, thereby becoming unidentifiable. In an 
exemplary embodiment of the invention, the function of flow regulation is carried out by design 

25 of a capillary input to the picowells, capillary output form the picowells and/or added baffles in 
the flow. 

Optionally or alternatively, cell dislocation is reduced by controlling a depth of a step 

from the flow to the picowells, which step may be zero (if wells on same level as inlet flow), 

negative (if wells above inlet flow) or positive (if wells below inlet flow. Similarly, a step or incline 
30 between the picowells and outlet flow into the waste reservoir may be adjusted accordingly. In 

an exemplary embodiment of the invention, the start of the picowells and/or end of the picowells 

is spaced from such a step. 

In an exemplary embodiment of the invention, such adjustments are made during 

manufacture and a user selects desired flow properties by selecting a certain slide design. 
35 As depicted in Figure 4F. when desired cells held in well array 20 may be studied, for 

example by optical observation, with the help of a microscope such as inverted microscope 44. 

In an exemplary embodiment of the invention, the cells are studies with a non-inverted 

microscope. 
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Flow regulator 

In an exemplary embodiment of the invention, a flow regulator, such as flow regulator 
28a, is a structure or feature that regulates the flow of liquids such as aqueous liquids past a 
well array such as well array 20 in order to allow cells to more easily settle in a well array and to 
prevent cells from being displaced from wells in which held when liquids are added. 

In an exemplary embodiment of the invention, flow regulator. 28a of device 10 is 
relatively narrow (2 mm across, 4 mm long) and thereby configured to act as a bottleneck to 
reduce the rate of flow of liquids across well array 20, so as to assist in filling wells 22 with cells 
40 and assisting in retaining cells 40 in wells 22 when liquids are added to inlet reservoir 26. 

Other embodiments of devices have other configurations of flow regulator configured to 
reduce the rate of flow of liquids past a well-array. 

In an exemplary embodiment of the invention, the flow regulator operates by controlling 
the rate of capillary flow therein. Optionally, these considerations also apply to designs where 
flow into the picowells is also capillary, for example, as in Fig. 6 below. In an exemplary 
embodiment of the invention, the rate of flow in the inlet capillary is smaller than in the outlet 
capillary or larger, as a means of affecting flow rate. Optionally, the capillary force applied by 
the reservoir is also part of the control of capillary flow rate. 

In an exemplary embodiment of the invention, the degree of retaining cells in their 
picowells during fluid manipulations (e.g., applied for staining, treating with drugs and/or 
washing) is affected by the structure geometry and the capillary flow characteristics, whereas 
the flow itself is determined by the conduit geometry and surface parameters. 

In an exemplary embodiment of the invention, the flow rate through the flow regulator 
depends on two variables: the capillary cross section and the angle of wetting of the fluid that 
flows when confronted with the materials of the flow regulator, in addition to fluid properties, 
such as viscosity, surface energy and/or specific gravity of cells in fluid relative to rest of fluid. In 
an exemplary embodiment of the invention, the following estimating formula is used: 
F=Ha LG iCos0 1 + 2Wa L G2Cos9 2 + Ha L G3COS0 3 
Where 

H = height (clearance), W= Width. The indexes denote the different surfaces: 
#1,2,3, which refer to top, sides and bottom which may be made of different 
materials (e.g., or coated with such) hence possessing different surface 
tensions and contact angle. Optionally, different sides and/or top and/or bottom 
are coated and/or made of different materials. This may cause the capillary flow 
to have an asymmetric leading edge, which may affect cell dislocations. 

a l g = liquid-gas surface tension 
9 = contact angle 

The capillary pressure P is calculated by dividing the force by the applicable area, HW, 

hence: 

P=(1/W)a L GiCOs9 1 + (2/H)cr L G2Cos9 2 + (1/W)a LG 3COs9 3 
In one example, if a same conduit was made from two glass surfaces the resulting flow 

velocity is too high due to the excellent wettability of the glass. If. however, the same flow 
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conduit is made of Teflon, the hydrophobicity of Teflon could result in there being no capillary 
flow at all. 

In an exemplary embodiment of the invention, a user can temporarily modify the flow 
rate by changing the properties of the injected fluid. In an exemplary embodiment of the 
5 invention, some fluids, for example for staining and/or washing may be manipulated to have 
contact angles and/or viscosities and/or otherwise have a different flow rate that matches the 
desired flow rates in the device, for example, by adding serum, glycerine or glucose. 

In an exemplary embodiment of the invention, the slide to be used is selected base don 
the properties of the fluid and cells to be used and the desired flow rate. 
10 In Figure 5A is depicted device 10 where flow regulator 28a is relatively narrow (e.g., 

depending on fluid, height and/or desired flow rate), that is 2 mm across. 

In Figure 5B is depicted a device where a flow regulator 28b is longer (8 mm) and 
narrower (0.5 mm) so as to have a greater reduction of flow rate than flow regulator 28a. 

In Figure 5C is depicted a device where a flow regulator 28c is narrow (0.5 mm) and 
15 serpentine (path length of 16 mm) so as to have a greater reduction of flow rate than either flow 
regulator 28a or 28b. 

In Figure 5D is depicted a device where a flow regulator 28d is 2 mm across and 1 mm 
long, but is coated with a very thin layer of a hydrophobic material. The hydrophobic material 
reduces the rate of flow of aqueous liquids through flow regulator 28d. 

20 Optionally or alternatively, the regulator is higher than the rest of the flow conduit, 

thereby narrowing a cross-section of flow. Optionally or alternatively, such added height may 
keep the main flow higher than the cell layer, possibly reducing cell dislocations. Optionally, 
cells are placed in locations not expected to be affected by eddies in the flow caused by the 
change in height. Optionally or alternatively, the cells are close enough so that some flow- 

25 induced mixing between the flow and fluids near the cells, is supported. 

Optionally or alternatively, a plurality of baffles, for example, obstruction are placed in 
the flow conduit. Optionally or alternatively, to baffles, other obstacles, such as traverse (to flow) 
scratches, are provided, which scratches may cause slowing-down eddies and/or reduce 
capillary force. 

30 Optionally or alternatively, a plurality of flow conduits are provided, for inlet and/or 

outlet form the picowells. Optionally, a user can select which inlet conduit to use for a given 
pipettation, for example, based on expected flow rate characteristics of the added fluid in that 
conduit. 

In Figure 5E is depicted a device where a flow regulator 28e is as wide as well array 20 
35 but includes edges 32 (at the interface between spacers 14a and 14b with base plate 12 coated 
with a very thin layer of a hydrophobic material. The hydrophobic material reduces the rate of 
flow of aqueous liquids through flow regulator 28e. At the same time, the width of flow regulator 
28e allows a more homogenous unidirectional flow across well array 20, with relatively fewer 
eddies or stagnation points. 
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In Figure 5F is depicted a device where a flow regulator 28f is as wide as well array 20 
but the entire width of flow regulator 28f is coated with a very thin layer of hydrophobic material 
as in Figure 5D. In Figure 5F, a relatively large region of base plate 12 is coated with a very thin 
layer of (relatively) hydrophobic material (e.g., a UV-curable adhesive such as NOA-61 or NOA- 
5 81) where an upstream portion 46 is embossed with a well array 20 while a downstream portion 
48 is left smooth. 

In Figure 5G is depicted a device related to the device depicted in Figure 5F. The 
device is fashioned by placing a thin (20-100 micron) layer of a (relatively) hydrophobic material 
(e.g., a UV-curable adhesive such as NOA-61 or NOA-81) on substantially the entire surface of 

10 a base plate. Then, spacers 14a and 14b as well as inlet reservoir component 16 are placed on 
top of the layer of hydrophobic material and a die including a negative of a well array is also 
appropriately placed. When the hydrophobic material is cured, not only is well array 20 
produced around the die, but spacers 14a and 14b as well as inlet reservoir component 16 are 
fixed (by adhesion) to the base plate and all of flow regulator 28g and waste reservoir 30 

15 include a layer of hydrophobic material. 

In some embodiments, a combination of two or more of the above elements is provided 
in one or more flow regulators (e.g., inlet and/or outlet). 
Picowell socket 

In some embodiments of the invention, and as noted above, the picowells may be on a 

20 level lower than (e.g., be in a socket) or higher than (e.g., be on a pedestal) the flow conduits 
which lead to and/or from the wells. In some designs, the size and shape of such a difference in 
level and/or distance of an edge of such pedestal or socket from the picowells can have an 
effect on one or more of initial cell deposition and cell repositioning during later flow. In many 
applications it is desirable that the cells settle slowly after an initial application and that the cells 

25 not move during later flow. Optionally, the flow parameters discussed above are selected so the 
initial flow will be fast enough to carry all cells into the picowell area. Optionally or alternatively, 
it is desired that at least by diffusion later flow will exchange food stuff, stimulants, assay 
materials and/or waste products with the fluid in the picowells. Optionally or alternatively, it is 
desired that later flow will wash any cells not in wells away from the wells. 

30 In an exemplary embodiment of the invention, when the picowell is in a socket, a flow 

conduit is wider (e.g. is 4 mm wide) than the socket (e.g. diameter is 3 mm)and the extra width 
is selected to have desired flow effects. Other relative widths that may be provided are 0. 1 mm 
wider, 0.5 mm wider, 0.9 mm wider, 1.2 mm wider and 2 mm wider, or intermediate or greater 
widths. The socket and/or cell arrays may lie symmetrically or asymmetrically in the flow 

35 conduit. 

As cells typically adhere to the wells with some force, there can be a "sweet spot" within 
which flow is fast enough but not too fast. In an exemplary embodiment of the invention, one or 
more of the following are varied and/or taken into account 

(i) socket dimensions; 
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(ii) socket diameter (if round) vs. conduit width; 

(iii) specific gravity of cells with regards to specific gravity of the fluid; and 

(iv) picowells depth and wall geometry. 

5 It should be noted that in some embodiments of the invention, the picowells are 

mounted in the socket using a layer of double sided tape underlying a picowell chip. 

Exemplary Design Process 

In an exemplary embodiment of the invention, at least some of the above 

considerations are too complex and/or expensive to calculate or simulate and instead empirical 
10 design is used. In some cases, software is used for modeling and/or simulating a whole device 

or a part thereof, for example, CFD-microfluidics software such as flow-3D by flow science inc, 

USA. 

In an exemplary embodiment of the invention, the following process is carried out: 

(a) select some or all of picowells geometry, number of cells to be explored (e.g.. giving 
15 total number of picowells and cell chamber area) and/or cell sample volume (e.g., giving cell 

chamber height). 

(b) select initial materials/coating. Materials involved in the structure must first be 
proven as biologically inert (e.g., not to affect the cell's life cycle) and optionally express low 
fluorescence (so as not to bias fluorescence measurements). 

20 (c) modify sizes, materials and/or fluids to be used (e.g., using search techniques 

known in the art), until desired results are achieved. In an exemplary embodiment of the 
invention, such results are published in a book or database (e.g., stored on a computer 
readable media and/or available by network connection and/or via a computer with a CPU and a 
memory with instructions for an interface to the database) which can be consulted as needed to 

25 select a proper set of slide, cells and fluid properties and/or effects of incorrect fluid properties. 

In some cases, a stable performance is not easy to achieve since the device must 
perform under various fluids types which are common on the biology lab - water, buffers (e.g. 
PBS), wide range of cell growth media (with and without Serum, etc.), etc. 

In an exemplary embodiment of the invention, the design process takes into account 

30 other issues as well, for example, void volume and/or eddies caused when adding fluid. 
Typically, during the operation of the device fluids are added using a pipette. When the new 
drop of fluid touches the fluid already in the fluid conduit, the fluids suddenly connect and a 
sudden "violent" fluid movement occurs. If this happen too close to the cells - cells might be 
shocked and dislodged. If, however the contact point between the fluids is far from the 

35 picowells, this can result in a larger dead volume from the pipettation point until a drop of 
reagent reaches and affect the cells. This can be a problem with respect to one or both of time 
and final concentration of the reagent reaching the cells. Optionally, multiple pipettation points 
are provided. Optionally or alternatively, a baffle is provided to absorb such violent movements, 
for example, in the form of one or more obstructions or transverse scratches in the inlet flow. 
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In an exemplary embodiment of the invention, when adding fluid, more fluid than fits in 
the picowell socket is provided, for example, 8-9-10 microliter for a 7 microliter socket. This can 
ensure overflow and/or avoid voids. In an exemplary embodiment of the invention, for example 
as shown in Fig. 6, overflow material which cannot flow fast enough into the device can flow 
back via a channel that reaches away form the picowells and pipettation location and towards 
an edge of the device, where it may be stored in a reservoir or drip out.. 
Base Plate 

When a base plate is present, any suitable material or method may be used, optionally 
contingent on the above considerations. 

In some embodiments, a base plate such as base plate 12 is an optically transparent 
material to allow observation of cells held in the wells. By transparent is especially meant 
transparent to one or more frequencies of electromagnetic radiation in the visible, ultraviolet or 
infrared spectra. 

Suitable materials from which a base plate is made include glasses (e.g., sodalime 
glass and borosilicate glass, especially optical grade glass) and plastic materials (e.g., 
polyethylene terephthalate, polycarbonate, polyester, polysttyrene). 

In some embodiments of the invention, the substrate is solid and flat. In others, a hole 
may be formed therein (socket) for placing a picowell or other cell holding chip or section. 

In some non-depicted embodiments, a base plate such as base plate 12 is thinner, for 
example is a 0.17 mm thick glass cover slip, allowing higher resolution observation, because 
lens can be closer to the cells. Optionally, the cells are in a socket which is depressed and 
therefore thinner than the base plate. 

Spacers and inlet reservoir components 

In exemplary embodiments of the invention, spacers and inlet reservoir components 
allow liquids to pass through device 10 by capillary action. In some embodiments, the thickness 
of the components is between 0.1 and 1 mm. An inlet reservoir component such as 16 is the 
same height, thicker or thinner than corresponding spacers such as 14a and 14b, depending on 
the embodiment. Spacers and inlet reservoir components may be fashioned according to any 
suitable method with which one skilled in the art is familiar. For example, in some embodiments, 
spacers and/or inlet reservoir components are discrete components secured (for example by 
adhesion) to a base plate (as depicted for device 10). In some embodiments, spacers and/or 
inlet components are molded (e.g., integrally formed with a corresponding base plate) or 
embossed in a layer of material, for example, from a UV curable adhesive (e.g., NOA-61 or 
NOA-81) in a manner similar to the manner in which well-array 20 is fashioned as described 
above. 

In some embodiments, the opening of inlet reservoir which is open to the environment 
is at least partially covered, for example so as to be exposed only through a narrow slit or hole 
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to reduce evaporation. In some embodiments, the opening (e.g., narrow slit or hole) is such to 
allow introduction of liquids (e.g., is of a size allowing entry of a pipette tip). 

Cover Slip 

In some embodiments, a cover such as cover 18 functions as a part of the inlet 
reservoir, flow regulator and waste reservoir of a device, helping to define these components as 
capillary channels, allowing the device to function without the need for external flow generators 
such as pumps or syringes. In some embodiments, a cover is transparent, allowing observation 
of cells held in a well array therethrough and/or allowing the passage of light therethrough to 
illuminate the well array. Although cover 18 discussed above is of glass, other suitable materials 
may be used. In some embodiments, plastics or polymers (e.g., polycarbonate) are used and 
are optionally processed to desired shapes and/or contours. 

Exemplary Well-arrays 

Exemplary well-arrays such as well-array 20 are generally as described in the PCT 
patent application of the Inventor referenced above. In some embodiments the array of wells is 
disposed on a surface and comprises a plurality of wells having a dimension on the surface of 
no more than about 500 micrometers, no more than about 400 micrometers and even no more 
than about 200 micrometers, the wells of a size and shape suitable for retaining at least one cell 
therein. 

Well-arrays may be fashioned using any suitable method from any suitable material, for 
example as described above or in any of the referenced PCT patent applications of the 
Inventor. 

In some embodiments, the wells of a well-bearing component are round or hexagonal, 
although in some embodiments, wells are triangular, square, pentagonal or any other suitable 
shape. Although wells of a well array of a well-bearing component may be arranged in any 
suitable arrangement, in some embodiments wells are hexagonally packed, allowing a high 
loading of cells per unit area. 

In some embodiments, two adjacent wells of a well-bearing component are juxtaposed 
and separated by a well-wall, for example as disclosed in the cited PCT patent applications of 
the Inventor. In some embodiments, the distance between two adjacent wells is not more than 
150%, not more than 130%, not more than 120%, not more than 110% and even not more than 
105% of the well-dimension. 

The wells of a well-bearing component are optimally of any size so as to hold at least 
one cell or cell spheroid of a certain type. In some embodiments that are directed to the study of 
cells as individuals, it is generally preferred that the wells be small so as to avoid having a large 
number of cells held in any one well. 

For example, in some embodiments, a cell well-bearing component is configured for 
study of lymphocytes having a typically diameter of about 6 micrometers. In some such 
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embodiments a well-bearing component has wells of about 6 to 10 micrometer dimension on 
the surface of the well-bearing component so that the lymphocytes enter and are held in the 
wells, one in each well. 

For example, in some embodiments, a cell well-bearing component is configured for 
study of oocytes or single-cell spheroids having a typically diameter of about 400 micrometers. 
In some such embodiments a well-bearing component has wells of about 400 to 500 
micrometers dimension on the surface of the well-bearing component so that the oocytes or 
spheroids enter or grow/assemble and are held in the wells, one in each well. 

Typically, the dimensions of the wells are generally less than about 500, 400, 200, 100, 
50, 25 or even less than about 10 micrometers. By dimensions is meant the usual meaning of 
the word and is dependent on the shape of the wells. For example, for hexagonal or circular 
wells, the term dimension refers to diameter. For square or triangular wells is meant the longest 
dimension of the square or triangle, respectively. The exact size of wells of any given well- 
bearing component is determined by the type of cells or alternately or additionally by the 
amount of cells to be studied using the carrier. Since different types of cells have different sizes, 
generally a carrier of the present invention will have wells of a size to accommodate one or 
more cells of the type to be studied. Most preferred is that a well be of a size so as to hold no 
more than one cell of the type to be studied at any one time. In other embodiments, a well size 
is determined by the size of a predetermined number of a certain type of cells, so as to allow 
holding of that predetermined number of that type of cell, for example two cells, three cells, or 
even four cells. 

To ensure that no more than a limited number of cells are held in a given picowell, and 
that a held cell is able to efficiently absorb nutrients and release waste, the depth of a picowell 
is optionally not more than the order of the size of the cell (or cell spheroid) which the well is 
configured to hold. 

In some embodiments, the wells have a depth no more than about 150%, no more than 
about 120% and even no more than about 100% of the dimension of the well on the surface. 
According to some embodiments, the depth of the wells is less than the dimension of the well 
on the surface. In some embodiments, the depth of a well is no more than about 500, not more 
than about 200, not more than about 100, not more than about 50, not more than about 30, not 
more than about 20 and even not more than about 10 micrometers deep. 

In some embodiments of the present invention, wells are dimples, depressions, or pits 
on the surface of well-bearing component. In other embodiments, the wells are substantially 
enclosures of dimensions such that substantially an entire cell of a certain type is containable 
within the enclosure, each enclosure having an opening at the surface, the opening defined by a 
first cross section of a size allowing passage of a cell of the certain type. 

In some embodiments, in or near a well array of smaller wells is located a significantly 
larger well, serving as a collection enclosure. Selected cells held in a specific well of the well 
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array are moved, for example with the help of laser tweezers or the like, to a collection 
enclosure. 

In some embodiments, a single device includes wells of different sizes, interspersed or 
in distinct regions whether in a single well array or on two or more well arrays. For example, in 

5 some embodiments one device includes wells having 2, 3, 4 or even more distinct sizes. For 
example, in an embodiment, a single device includes wells having a diameter of 15 
micrometers, 20 micrometers, 100 micrometers as well as 250 micrometers. In some 
embodiments, such a combination allows the user to study individual cells as wells as clusters 
of cells on a single device. In some embodiments, such a combination allows the user to 

10 purchase a device configured to study cells of different sizes and the user studies a region 
having a well array including wells configured to hold cells having the size of the cells of 
interest. Optionally, the sizes and/or distance or other geometry of the picowells define areas 
where cells will be located as individuals and where cells may conglomerate, multiply and/or 
communicate with nearby picowells. 

15 

Assembly and packaging 

In an exemplary embodiment of the invention, assembly and/or packaging is under 

vacuum, this can prevent and/or reduce formation of air bubbles during storage and/or use. 

Optionally or alternatively, the surfaces to be adhered are optionally sprayed with distilled water. 
20 Such gas bubbles may be formed by gasses dissolved in the raw materials. Optionally, 

the above described annealing and/or washing are under vacuum, to remove gasses. 

Exemplary alternative slide design 

Various devices useful for microscopy can be built based on an embossed microscope 

slide, for example a slide 0.1 7-1 mm thick. The glass is then covered with a spacing layer which 
25 has a hole just above the embossed area. The diameter of the hole may be smaller than the 

embossed area. This structure creates an open chamber, which can be useful for 

accommodating a cell suspension. This structure may be covered by a cover slip and cells can 

be observed by an upright and/or inverted microscope. 

In another example, a slide structure supports one or more of exchanging cells media, 
30 staining, and/or other manipulations of the cells within their picowells. In such an embodiment, 

an additional "flow" layer is cured to form a flow channel above the cells chamber and a 

reservoir. This flow layer is sticky on both surfaces, and can optionally be bonded to the spacer 

layer beneath it, and to the cover layer above. Optionally, a flexible transparent cover, such as 

made of polycarbonate film, is bonded only on the distal edge of the flow channel. Optionally, a 
35 pinhole (or larger hole) is provided, for example, to drain air when liquids are added during the 

work with the device. A non-sticky removable liner is optionally provided keeps the cover from 

bonding to the rest of the flow channel. In an exemplary embodiment of the invention, the 

channels are bordered on either side, rather than open. 
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An exemplary such device 600 is shown in FIGs. 6A and 6B, with FIG. 6A being a blow- 
apart view. A glass slide 602 has embossed (or otherwise attached) thereon a picowell array 
604. A spacer layer 606 with an aperture 608 is attached above, for example, layer 606 being a 
two sided adhesive layer. A flow layer 610 including a flow channel 612 and a reservoir 614 is 
provided above, optionally as a two sided adhesive layer. A cover layer 616 with an optional air 
hole 624 and slot 618 are provided above. Optionally, a non-adhesive layer 620 is provided 
between layers 616 and 610 and includes a tip 622 which is temporarily attached to layer 610. 

Optionally, as shown in FIG. 6B, the length of layer 620 is shorter than layers 616 and 
610, so layers 616 and 610 can be adhered to each other at their tip. 

Other structures may also be built up by layering shaped layers of double-sided 
adhesive, on microscope slides and/or other bases. 

In use, flexible covers 620 and 616 are pulled back and expose the chamber formed by 
aperture 618 and wells area 604. Cells are loaded into the chamber and removeable liner layer 
620 is peeled off. Flexible cover 616 is released and bonds to the rest of upper surface of flow 
layer 616. Layer 610 optionally defines a capillary channel between layers 616 and 606. 
Aliquots of fluid can be presented to the capillary slit 618 created between the cover and the 
opening of the flow channel. Capillary force pulls the fluid into the channel, the fluid replaces 
and/or flows over the cell media, and the excessive fluid is gradually accumulated in the 
reservoir 614. Additional fluid can be presented to the flow channel, basically until the reservoir 
is full. Optionally, fluid can be removed from reservoir 614 

Double sided adhesive tapes, optionally medical grade, or other adhesive agents, may 
be used to bond the layers and/or to form the layers. 

If double sided tapes are used, the layers are optionally bonded while wet. This can 
eliminate air and prevent such air from being trapping between the layers, possibly minimizing 
the appearance of air bubbles in the suspension along incubation time. Optionally, the devices 
are manufactured and/or packed under vacuum, to prevent repeated air penetration between 
the layers before the device is used. 

Figs. 6C-6H are engineering drawings showing exemplary sizes of features of device 

600. 

Fig. 6C is a top view of device 600, showing layer 620 folded back over the other layers. 

Fig. 6D is a top view of a slide layer 602, optionally formed of glass, including active 
picowell area 604 which may have picowells engraved, embossed and/or adhered thereto. 

Exemplary materials for spacers (e.g., between layers of double sided tape) include: 

By Rogers corp. CT, USA: Silicon rubber or polyurethane rubber, e.g. MC-300, 
MC-600, MS-6000. MS-SOFT, HT-200, HT-1200, HT-1500, HT-6135, HT-6200, HT-6360 
series, MS series 

By Du-Pont - Kapton®, Mylar®, Neoprene. 

By Silex, Hampshire, UK: Silicone rubber sheeting grades GP40, 50, 60 &70 
By Kleerdex LLC (PA, USA): Kydex® 
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By GE plastics (see below): Lexan 
Exemplary materials for double sided tapes include: 

By 3M, MA, USA: adhesive tapes # 1504, 1509, 1510, 1513, 1517, 1522, 1524. 
1524A, 1577, 1772, 1773, 1774, 9500, 9731, 9776, 9874, 9877, 9887, 9889, 9917, 9960, 9971 
Exemplary materials for the cover include: 

By General Electric plastics (MA, USA): Lexan (8010, 8020, 8030, 8040, 8A13, 
8A23, 8A35, 8A37, 8B25, 8B26, 8B35, 8B36, FR25, FR60, FR63, FR65, FR66, FR700, FR83), 

By SKC inc, GA, USA: Skyrol (SH71.SH81. SH82) and other Polyester (PET, 
PET-G etc.) films. 

In an exemplary embodiment of the invention, the combination actually used depends 
on desired flow rates and actual geometries. Optionally, a set of materials and geometries is 
chosen to have a set of properties suitable/acceptable for a plurality of situations, even if not 
optimal for all. 

Fig. 6E is a top view of a base layer 606 including an aperture 608 which optionally 
expose sonly some picowells to the rest of the device and/or which serves to attach a picowell 
chip in place. Layer 606 is optionally formed of spacer material with double sided tape 
laminated thereon, above. In an exemplary embodiment of the invention, layer 606 has a 
thickness of between 0.2 mm and 2 m, for example, 1 mm. 

Fig. 6F shows a conduit layer 610, with exemplary dimensions for reservoir (e.g., 300 
micro liters) and inlet conduit Optionally, this layer is formed of a sandwich (e.g.. by laminating) 
of double sided tape, 175 micron thick spacer and a third layer of 1522 above. Optionally, 
trapped air is avoided using a distilled water spray and all residues are removed. 

Fig. 6G shows a temporary sticking avoiding layer 620, with a handle 623 and a fold 
point 621. Optionally, this allows the layer to be folded over, adhered to underlying layers only 
at a side far from where a cover layer is attached and then easily removed. Optionally, the layer 
is made of HDPE coated with silicone at points where it is not to stick to 1522 layer below. 

Fig. 6H shows a cover layer 616, with air hole 624. This layer is optionally formed of 
0.175 mm thickness. 

In an exemplary embodiment of the invention, device 600 is configured so that an initial 
flow (first 10 micro liters) is about 48 seconds for cell growth media (RPMI 1640). And 30 
seconds for Buffer (PBS). 

In an exemplary embodiment of the invention, the average flow rate of the succeeding 
aliquots is about 0.5Ml/sec in media and about 0.75ul/sec in PBS. In an experiment using molt4 
cells (e.g., which appear to be more prone to dislodging), this resulted in total cell 
movement (after repeating adding 6 aliquots of 10ul) of up to 10% in RPMI cell media and up to 
2% PBS buffer. 

In an exemplary embodiment of the invention, device 600 has an active area and 
working volume of 3.2 sq. mm. (Approximately 18,000 wells of 20 microns), containing 7.5 
micro liters of cells suspension. The length width and/or thickness are of a standard microscope 
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slide. Optionally, the total device volume is 300 micro liters. Optionally, there are no moving 

parts in use and the device is in one piece when unpackaged, possibly simplifying packaging- 
Fig. 7 illustrates an alternative slide design 700, in which a chip or other element 703 

with a picowell area 705 formed thereon (part or all) is mounted on a base layer 702. In an 
5 exemplary embodiment of the invention, a layer of double sided tape 707 having an aperture 

formed therein acts as a mask to expose only some of the picowells to the rest of the device 

and/or to attach chip 703 to layer 702. Optionally, as shown a cover 716, reservoir 7614 and 

capillary conduit 712 are provided as above. 

Exemplary usage process 
10 Fig. 8 is a flowchart of a method of using device 600, in accordance with an exemplary 

embodiment of the invention. 

At 802 a device is selected form a set of devices, according to desired cell holding 

characteristics and/or flow characteristics, taking in to account, for example, cell size, cell 

adhesion, fluids used and/or fluid contact angle with materials in device/ 
15 At 804, cover 616 is pulled back. 

At 806, spacer layer 620 is removed. As noted above, spacer 1620 may folded and at 

the side opposite of where cover 616 is adhered to device 600, include a handle 623 and a 

portion adhered to layer 610. 

At 808, cover 616 is prevented from falling down on layer 610, by inserting a wedge at 
20 the point where the previously adhered section of layer 616 meets the previously unadhered 

portion thereof. Optionally, the wedge is a small cylinder having a length of the slide width and a 

diameter of 2 mm to 5 mm, optionally made of a material, e.g., Teflon or a silicone which is not 

prone to adhere to the adhesive layer. Other means of preventing the fall of cover 616 can be 

used as well. 

25 At 810, the device can be laid down on a flat surface, leaving both hands free. 

At 812, cells are added to the exposed aperture 1608, optionally with no capillary 
movement. This may also preload the device, cell area and/or flow inlets with fluid. 
At 814, the wedge is removed. 

At 816, cover 616 is adhered to layer 610, optionally with care that no air bubbles are 
30 formed, optionally, with wetting of cover 616 beforehand. Optionally, this is carried out by one or 
more of manual pressure or a roller or a hand held stamp. 

At 818, or before cover closure, the cells are allowed to settle in wells. 

At 820, the cells are imaged and/or otherwise tested. Optionally, such imaging includes 
adding various reagents and/or stimulants, into slot 618 (822). In some cases, some time is 
35 waited so such added fluids have a desired effect (824). Acts 820-824 may be repeated several 
times and/or for a period of time, for example, minutes, hours, days or weeks. 

Optionally, at 826, the cover is removed, so the cells can be retrieved and further 
tested/processed (828). In an exemplary embodiment of the invention, cover 616 includes a tear 
line above conduit 612, which is torn manually. Optionally or alternatively, a knife is used to cut 
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cover 616. Optionally, a jig is provided which positions a cutting edge relative to a standard 
microscope slide, for such cutting. Optionally or alternatively, the adhesive layer of the top 
conduit is made of a non-permanent adhesive, which can be separated and reattached. 

Embossing 

In an exemplary embodiment of the invention, a cell holder is formed by embossing. In 
an exemplary embodiment of the invention, a base is covered with an optionally liquid substrate, 
contacted with a die and the substrate is at least partially hardened. Optionally, the die defines a 
plurality of pico liter wells in the substrate. Optionally, the substrate is adhesive to the base, but 
not to the die, optionally in spite of the substrate being smooth and the die having small 
features. Optionally, the die and adhesive and base materials are selected to afford such 
differential adhesion. Optionally, the die is removed before the substrate hardens. In an 
exemplary embodiment of the invention, at least two areas on the substrate are patterned, each 
with a different final pattern of cell holding regions. 

In an exemplary embodiment of the invention, one or more walls or barriers are added 
to the cell holder before, during or after embossing. 

In an exemplary embodiment of the invention, the base is not mechanically prepared for 

the substrate. 

In an exemplary embodiment of the invention, there is provided a holder device having 
at least one cavity for receiving a sample of cells in a medium, wherein the at least one cavity 
includes a substrate having refractive index substantially equal to that of water, includes a 
multiplicity of pico liter wells (also called "picowells". herein) formed therein and has a generally 
inert wall. 

In an exemplary embodiment of the invention, there is provided a method of making a 
holding device having a substrate characterized by an index of refraction essentially equal to 
that of water, which is adhered to a carrier plate, wherein the substrate is formed into a 

multiplicity of pico liter wells. 

In an exemplary embodiment of the invention, there is provided a method of making a 
holding device having at least one cavity for receiving a medium, wherein the at least one cavity 
has a multiplicity of pico liter wells formed in a substrate having a refractive index substantially 
equal to the medium in which the cells are carried. 

In an exemplary embodiment of the invention, there is provided a method of making a 
die for forming an array of picowell arrays. Optionally, the die is assembled from individual well 
forming die elements. Optionally, a handle with a plurality of clamps to hold the die elements is 
used. In other embodiments, other means to hold die elements together into a template are 
used. Optionally, the die also serves as a template for non-well embossed elements. 

In an exemplary embodiment of the invention, there are provided cell holding devices 
including a plurality of picowell arrays, on each one, optionally in the form of a macroscopic 
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array of picowell arrays. Optionally, the picowell arrays are separated by barriers which may 
have selected blocking ability, for example, being fluid blocking or cell blocking or fluid passing. 

A holding device for studying cells in a medium in accordance with an exemplary 
embodiment of this invention comprises at least one cavity defined by generally inert wall 
5 surrounding a substrate. The substrate has a surface in which a plurality of pico liter wells is 
formed. The substrate is translucent and has a refractive index substantially equal to the 
refractive index of the medium. 

An exemplary holding device for studying ceils in accordance with an exemplary 
embodiment of this invention comprises a substantially transparent substrate having a refractive 
10 index of 1.33. The substrate has a multiplicity of pico liter wells formed in an upper surface and 
a wall structure attached thereto. 

In another embodiment, an exemplary embodiment of the present invention includes a 
holding device for studying cells comprising a substantially transparent carrier plate having a 
plurality of cavities surrounded by walls formed in a first surface of the carrier plate, a layer of 
15 adhesive, which is known to those skilled in the art, disposed on a bottom surface of each 
cavity, a layer of substantially transparent substrate material having a refractive index of 1.33 
and having a multiplicity of pico liter wells formed in an upper surface thereof disposed on the 
adhesive layer. While MY-133 is known to have a refractive index close to that of water, 
heretofore MY-133 has apparently not been considered suitable for use as an inert substrate for 
20 holding live cells in a medium. In other embodiments, other adhesive materials, possibly with 
other refractive indexes are used for embossing. 

In an exemplary embodiment of the invention, the embossing methods described herein 
are applied on fragile bases so little temperature and/or pressure changes are applied. Rather 
the embossing is optionally at low pressure and at room temperature (e.g., 15-35 degrees 
25 Celsius). In an exemplary embodiment of the invention, the embossed substrate is non- 
reversibly deformed by the embossing. In an exemplary embodiment of the invention, the 
embossed substrate is set by one or more of chemical setting, light setting, radiation based 
setting and/or other cross-linking or hardening or setting methods known in the art and as 
appropriate for the specific materials used. 
30 In an exemplary embodiment of the invention, the thickness of the embossed layer is 

minimal, for example, being 15, 5%, 20%, 60%, 100%, 300%, 100% or intermediate 
percentages of the depth of the picowell and/or other embossed feature. Optionally or 
alternatively, the additional thickness below the well is 1, 10, 20, 30, 100 microns or 
intermediate amounts. Variations of the embossing methods described herein, which may be 
35 variously referred to as "stamping", "micro-stamping", "replicating" or "soft-lithography" may also 
be practiced in accordance with some embodiments of the invention. 

In an exemplary embodiment of the invention, embossing can include modification of 
the picowells in addition to changing the geometry. For example, the template can have 
attached thereto patterns for the walls between the picowells, medicaments and chemicals for 



WO 2009/081409 



PCT/IL2008/001678 



26 

attachment to the picowells or walls between them, small beads for such transfer and/or 
electrode wires. In portions that are not for picowells, electronics, valves and/or other items may 
be impressed on the substrate during embossing. 

In an exemplary embodiment of the invention, embossing is carried our using a rolling 
5 die (e.g., a cylinder). Optionally, the glass slides are cut after embossing. Optionally, unneeded 
picowells are masked by a layer with an aperture defining the active picowells. 

While the above description has focused on forming picowells, other structures can be 
formed as well in like manner, instead of picowells and/or to support picowell operation. For 
example, such structures can include landmarks to assist in user orientation (e.g., patterned 

10 clusters of non-etched areas or other singularities or markings to enhance user's orientation 
when the array is used). Optionally, some such markings are particularly visible under a 
microscope (e.g., pico well address and/or a well address). In another example, micro-fluidics 
structures, such as reservoirs, channels, mixers, filters and flow regulators are embossed (e.g., 
with the embossing defining 3D structures that affect flow. Optionally or alternatively, 

15 preparation for various structures is embossed (and/or additional elements mounted on the 
die),f or example, pumps, electronics, conductors, sensor mountings and/or valves. 

The embossing process may change in accordance with the specific material or 
precursor used for the substrate. For example, some materials require the application of a 
primer layer to strengthen the bonding to the base layer, whereas, additionally or independently, 

20 other materials require a detoxification process in order to extract biologically toxic residues 
such as un-cured monomers in the embossed layer. 

For example, a typical precursor may be a UV-curable adhesive such as NOA-61 or 
NOA-81 or the low self-fluorescence NOA-63 (Norland Products Inc., Cranbury, NJ, USA, USA). 
Embossing is performed, for example, by applying a drop of the fluid precursor of the adhesive 

25 on glass or plastic base, and curing the fluid precursor while in contact with a die (made, for 
example, from a metal such as nickel, glass, PDMS or silicone rubber) having a negative 
geometry of the well array. The drop of adhesive disperses between the slide and the die and 
forms a thin layer (e.g., 10-100 micrometers thick). After the adhesive has set, the die is peeled 
away or otherwise removed. 

30 Additional acts are optionally made to stabilize the structure and its adhesion to the 

base and/or to extract and/or remove non-polymerized residues of the adhesive which may 
harm ceils. Such acts can include annealing at a mild temperature (~60°C) for at least one hour. 
Optionally or alternatively, the bases are soaked in 90% ethanol (or other suitable solvent, 
depending on materials used for construction) for 5 days. This can extract toxic un-cured agents 

35 from the polymerized adhesive. Optionally or alternatively, the slides are rinsed in distilled water 
to wash away debris and/or residues of the extracted undesired foreign materials. Optionally or 
alternatively, the materials chosen and/or washing are selected to allow long term life of 
biological cells without toxic effects form the cell holder. Optionally, the cells reside 1 hour, 10 
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hours, 24 hours, 2 days, 4 days, 1 week, 1 month or more in the cell holder without such toxic 
effects. 

Exemplary base plates for any of the embossing methods described herein include any 
substantially transparent glass (or plastic) surface, such as a microscope slide (e.g., 0.17mm - 
5 1mm thick, 2.54 cm wide, 7.62 cm long), a Petri dish (either monolithic plastic dish or a plastic 
dish with a thin glass or polymer sheet bottom, designed for high resolution microscopy) or the 
bottom of microtitter plates (either monolithic plastic plate or plate having a thin glass or polymer 
sheet bottom, designed for high resolution microscopy). 

Embossing can take place on essentially whole bottom area, or in certain areas. The 
10 size of the embossed area is determined by the applied volume of the precursor and the actual 
size of the die. 

In some embodiments, the Petri dish or any other pico liter wells bearing device may 
include a partitioning element, such as a plastic or fabric barrier, to distinguish between several 
areas in the same device. The partitioning element, single or plural, if made or include mesh, 

15 slits or perforated parts can also act as a flow regulator, to damp and control (by selecting 
proper size and pitch of the openings) fluid transfer between partitions. For example, such a 
barrier can block or reduce fluid flow or block or reduce cellular or particle flow (e.g., of certain 
sizes), for example, acting as a filter. In some embodiments, the barrier serves to reduce flow 
rates to levels which would not remove cells/particles from picowelis. Such barriers may be 

20 attached by any method known in the art. Optionally, the barriers are attached by dipping in a 
UV curable adhesive as used herein. Optionally, such barriers include a base ring for 
mechanically aligning said barriers on said substrate. 

In this and other embodiments, the coverage of the carrier by picowell and/or other 
embossed regions can be, for example, 1%, 5%, 10%, 20%, 50%, 70%, 90%, 100% or 

25 intermediate amounts, for example, depending on the application. 

In an exemplary embodiment of the invention, multiple sizes and/or types of pico liter 
wells are provided on a same substrate, for example, 2, 4, 6, 10, 20 or intermediate numbers of 
types of pico wells may be provided. 

In those cases where plate consists of an upper structure and a bonded bottom, a 

30 precursor is optionally uniformly applied to the transparent bottom prior to placing the die and 
irradiating. Optionally, pico liter wells are created on the whole bottom area (e.g., using a flat 
and uniform die). The bottom plate is then bonded to the upper structure as it is usually done in 
this type of plates (for example, based on utilizing NOA as a cementable adhesive). Optionally 
or alternatively, pico liter wells may be created only at desired locations, such as those areas 

35 which will become the bottom of wells, excluding inter-wells areas. This can be controlled, for 
example, by applying aliquots of precursor instead of a uniform layer. 

Embossing, using MY-133 or NOA or materials may be practiced on a microscope 
slide, either on the whole glass or selected parts and may serve as a base plate for various 
single or multi cavity devices. For example, the embossed glass can be covered with adhesive 
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spacers and covers already used in laboratory practice, such as those made by Grace Biolabs 
(Bend, OR, USA) 

www.gracebio.com/Products/lmaging Microscopy/CoverWell_Perfusion_Chambers and 

enhance the practice to include pico liter wells bottoms instead of a plain glass surface. For 
example, these covers can form a water-tight, multiwell cell incubation or cytochemistry 
chamber when pressed to coverslips or microscope slides. In some embodiments, reagents can 
be quickly added and removed through access ports without disturbing or cross-contaminating 
specimens in adjacent wells, while cells remain in their picowells. 
Exemplary non-slide devices 

Figs. 9A and 9B illustrate non-slide devices using masking and/or double sided table to 
build up walls, in accordance with exemplary embodiments of the invention. In an exemplary 
embodiment of the invention, such double sided tape serves to bond a wall onto a substrate 
and/or fill in unused picowells so fluid does not flow therein. 

Fig. 9A shows a multi-well device 900, optionally of the standard size of a microtitter 
plate (e.g., ~127mmx85mm), with for example, 24, 48 or 96 wells, constructed using a base 
layer 902 having picowells formed over substantially its entire surface. On base 902, a double 
sided adhesive layer 904 is provided, with apertures 905 matching desired well areas. An upper 
layer 906 defines the well walls for a plurality of wells 907. 

Fig. 9B shows a petri dish 920 , formed using a base layer 922 with picowells defined 
thereon. A double sided adhesive layer 924 is used to define active pico wells and to mount a 
wall layer 926 above. Optionally, as shown, layer 926 includes an aperture 928 for accessing 
some picowells and also includes a cover portion 930 which mounts on layer 924 and also 
prevents cells from adhering to layer 924. Optionally, the outer diameter of adhesive layer 924 
is smaller than an outer diameter of cover portion 930. If larger, excess is optionally trimmed, for 
example, with a knife. 
Multi-channel slide 

In an exemplary embodiment of the invention, a slide is provided with multiple picowell 
areas. While such areas may be provided in series (each one down flow of the other), in other 
embodiments, such picowell areas are provided to have parallel fluid pathways. Optionally, the 
design of Fig. 6 is made narrower and/or smaller and two or more such designs provided on a 
single slide. Optionally or alternatively, multiple such fluid pathways can share an input inlet 
and/or waste reservoir (but not the cell area itself or capillaries leading to and from), so two or 
more sets of cells can receive same treatments. Optionally or alternatively, one or more input 
inlets lead to two cell holding areas, while at least one input inlet is provided for only one of the 
cell areas, allowing both same and different treatment of multiple cell areas. 

Fig. 10A shows a multi-picowell design in which the waster reservoirs (or alternatively, 
input reservoirs) are implemented as elongated convoluted channels, rather than as wide areas. 
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IN a different device design, such a waste channel may be defined as a spiraling channel 
surrounding or extending form a pico cell area. 

As shown, a base layer 1002 has two picowell areas 1004 and 1004* defined thereon, 
for example, by embossing, engraving and/or adhering. A masking and/or filling and/or 
5 matching layer 1006 has defined therein aperture 1008 and 1008 1 which define which picowells 
will be active. A next, conduit, layer 1010 defines two waste reservoir channels 1015 and 1015' 
which end at covered sections 1014 and 1014* including a fixed cover 1017 with air holes 1024 
and 1024, for air release. As noted above, the size of air holes can be used to affect capillary 
flow rate. 

10 A cover 1016 (for example flexible, e.g. polycarbonate, or rigid e.g. glass) may operate 

as cover 616 above and a pair of fluid adding ports 1018 and 1018* may be coupled to picowells 

by capillary or non-capillary flow. 

Fig. 10B shows an alternative embodiment with two side by side cell holders and 

conduits, in which the design of Fig. 6, for example, is narrowed, so two will fit n a standard 
15 slide, side by side. In an exemplary embodiment of the invention, the reservoir is made 

narrower, but the capillaries are not, so as to maintain flow rates. Optionally or alternatively, 

multiple design changes are made, for example, narrowing capillaries while using more wettable 

materials in the capillaries, to maintain desired flow characteristics. 

In an exemplary embodiment of the invention, different ones of the capillaries of 
20 different fluid systems on a same base have different flow rates. Optionally or alternatively, 

different ones of the cell holders are adapted for holding different cells and/or have different cell 

position disruption rates. 

In an exemplary embodiment of the invention, the reservoirs and/or inlets associated 

with the two cell holders are shared and/or linked, allowing, for example, to provide same 
25 treatments to two sets of cells and/or provide a larger reservoir. 

Fig. 10C shows an eight section cell holding device, with eight side by side cell holders 

and conduits. Optionally, the device is of a size of a standard microtitter plate. Other numbers of 

cells holders and conduits may be provided, for example, 16, as shown in Fig. 10D, 48, 96 or 

larger or intermediate numbers. 
30 Optionally, two or more reservoirs, or all the reservoirs are linked to form a unitary 

waste receptacle. Optionally, this receptacle is large enough so that danger if flow back into cell 

holders is small. Optionally, the widening of the capillary from the cell holder to the reservoir, 

serves as a one way flow path, wherein flow back is less likely. 

In an exemplary embodiment of the invention, the systems of Fig. 10C and Fig. 10D 
35 (and optionally of 10B) are separable into individual slide or groups of slides. Optionally, this is 

achieved by scoring the upper layers and/or base plate. Optionally, such devices (as in Figs. 

10A-10D) are formed by methods other than the layering methods described herein. Optionally 

or alternatively, the base layer is pre-cut 
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In an exemplary embodiment of the invention, the inlet locations of the individual cell 
holders are positioned uniformly in a geometry compatible with standard multi-well cell holders. 
This can allow automatic fluid providing to such cell holders. Optionally, initial loading is manual. 
Optionally, the cover layer is separated for each cell holder, so that each cell holder can be 
5 uncovered, filled and covered (e.g., adhered in place) separately. Optionally, separate non-stick 
layers sections are provided for each cell holder. In an alternative embodiment, cell filling is into 
an inlet , and is also performed automatically. This may be facilitated by a design such as that of 
device 10. 

Potential Advantages and/or features 

10 Potential advantages and/or features of device 10 and 600 and other embodiments 

described herein, which may be utilized in accordance with exemplary embodiments of the 
invention, include one or more of the following. It is noted that some of the advantages and/or 
features can be provide din other device designs in accordance with exemplary embodiments of 
the invention, for example the shapes and flow control can be achieved in devices not formed of 

15 layers as in Fig. 6. In addition, not all features and/or advantages are provided in every device 
in accordance with exemplary embodiments of the invention. 

(a) Devices that are relatively simple to manufacture and assemble at low cost and in 
high volumes, for example, by providing simple parts optionally cut from sheets to assemble 
with optionally reduced need for alignment and/or processing of details on a part or assembled 

20 parts. 

(b) Devices which support high-resolution imaging by both upright and inverted 
microscopes. 

(c) Devices over a range of desirable flow rates, cell sizes, array size and/or other 
properties, which are optionally made from modules, which are interchangeable and/or which 

25 are for this reason and/or others amenable for construction on a single assembly line. 

(d) Devices which are formed only of thin planar layers, optionally with limited 
breakability, with capillary channels defined by cutting out of layers, rather than cutting away 
into layers. Optionally, the thickness of the channel is controlled by varying the number of sub 
layers that laminate to form a conduit layer. 

30 (e) Devices which do not require assembly of discrete parts by a user, but which are 

optionally substantially protected from air and/or fluids except at very limited portion thereof. 
Optionally, the devices allow additional manipulation prior to sealing of such a device by a user. 

(f) Devices which mount walls on a microfluidics device using double sided tape. 

(g) Using a layer of double sided tape to mask out a larger cell holding array, for 
35 example a pico well array, to define a part of the array to be active. 

(h) Controlling capillary flow by a combination of one or more of capillary cross- 
sectional shape and/or size, capillary materials, air release, baffles and/or surface treatments. 

(i) Ability to select a design which has desired flow and/or cell dislodging characteristics, 
for a particular need and/or experimental setup. 
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(j) Devices with capillary channels including reservoirs which are sealed on all sides 
except for an inlet and air release or absorbing media. 

(k) Preventing contamination and/or reusability by adhering a cover on top of a device, 
while optionally distancing a cell holding area from an inlet port so such area is reachable only 
5 by capillary flows and cannot be washed out. Adhesive can be, for example, permanent or 
multi-use (enabling repeated opening and closing). 

(I) Setting a cover on a device using an adhesive attachment between the cover and the 
conduits, so that the cover defines the conduits, initiates and/or supports capillary action and is 
optionally unbreakable (unlike thin glass covers). 
10 (m) Provide sets of devices (e.g., 2, 3, 4, 5. 10, 15, 20, or more or intermediate 

numbers or an array of different devices connected together) as a kit for a range of 
experimental settings (e.g., desired flow rate) conditions, cells and/or reagents and/or provide 
devices packaged with instructions or at least an indication of expected performance under 
different conditions. 

15 (n) Provide devices with flow regulation at both inlet and outlet from eel! holding area. 

(o) Allow overflow to leave device without compromising the cell holding area. 

(p) Provide devices which have unique identification mark or product code - barcode or 
RFID - to enable automatic upload of device characteristics. 

(q) By including an opening to the atmosphere near the cell holder, diffusion of gasses in 
and out of the cells are supported. Optionally, such diffusion is reduced or prevented by taping 
or otherwise placing a cover over the inlet. Optionally, the distance between the inlet port and 
the cell holders is selected to have a desired gas diffusion rate. 

In an exemplary embodiment of the invention, sides are marked with a marking or 
instructions which indicate various properties thereof, for example, flow rate under one or more 
conditions, cell/well size, cell disruptability, size and/or picowell arrangement and/or diversity. 

In an exemplary embodiment of the invention, there is provided an experimental design 
software which includes a table indicating various characteristics of such devices and which can 
be used to select devices that have desired flow, etc. characteristics for certain experiments. 
Such software can be provided, for example, on computer readable media such as a CD, 
diskette, hard-disk, ROM and/or RAM. Optionally, the markings include a computer readable 
marking such as a barcode or RFID. 

In an exemplary embodiment of the invention, software (e.g., local or at a network 
location/server) is used by a user to order particular device designs and such devices are 
assembled according to the request, from modular components. 

Optionally, the parts of the device are sold separately, optionally in sets of various 
properties and a user or manufacturer can assemble such devices, as needed. 

While the description has focused on manual manipulation, a plurality of slides can be 
managed by computerized/robotic means. Optionally, the use of a capillary to control flow rates, 
simplifies handling of such slides and allows nutrients, etc. to be provided as a drop at an inlet 
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port, which drop will then be "pumped" at a desired rate. This allows rapid treatment of multiple 
wells and cell holding areas without individually controlling the flow at each of a plurality of cell 
arrays using individual pumps or in serial manner. 
Genera! 

The terms "comprises", "comprising", "includes", "including", "having" and their 
conjugates mean "including but not limited to". 

The term "consisting of means "including and limited to". 

The measurements described herein for, inter alia, sizes, volumes and/or rates, while 
5 exemplary, may be modified depending on the application, and are intended to include, for 
example, measurements that are for example, 10%, 20%, 30%, 50%, 70%, 90% larger or 
smaller, or 100%, 200%, 300% larger, or intermediate percentages of the above percentages. 

The term "consisting essentially of" means that the composition, method or structure 
may include additional ingredients, steps and/or parts, but only if the additional ingredients, 
10 steps and/or parts do not materially alter the basic and novel characteristics of the claimed 
composition, method or structure. 

The word "exemplary" is used herein to mean "serving as an example, instance or 
illustration". Any embodiment described as "exemplary" is not necessarily to be construed as 
p re f errec j or advantageous over other embodiments and/or to exclude the incorporation of 
1 5 features from other embodiments. 

The word "optionally" is used herein to mean "is provided in some embodiments and not 
provided in other embodiments". Any particular embodiment of the invention may include a 
plurality of "optional" features unless such features conflict. 

As used herein, the singular form "a", "an" and "the" include plural references unless 
20 the context clearly dictates otherwise. For example, the term "a compound" or "at least one 
compound" may include a plurality of compounds, including mixtures thereof. 

Throughout this application, various embodiments of this invention may be presented in 
a range format. It should be understood that the description in range format is merely for 
convenience and brevity and should not be construed as an inflexible limitation on the scope of 
25 the invention. Accordingly, the description of a range should be considered to have specifically 
disclosed all the possible subranges as well as individual numerical values within that range. 
For example, description of a range such as from 1 to 6 should be considered to have 
specifically disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 
to 6, from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, 
30 and 6. This applies regardless of the breadth of the range. 

It is appreciated that certain features of the invention, which are. for clarity, described in 
the context of separate embodiments, may also be provided in combination in a single 
embodiment. Conversely, various features of the invention, which are, for brevity, described in 
the context of a single embodiment, may also be provided separately or in any suitable 
35 subcombination or as suitable in any other described embodiment of the invention. Certain 
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features described in the context of various embodiments are not to be considered essential 
features of those embodiments, unless the embodiment is inoperative without those elements. 

Although the invention has been described in conjunction with specific embodiments 
thereof, it is evident that many alternatives, modifications and variations will be apparent to 
those skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications 
and variations that fall within the spirit and broad scope of the appended claims. 

All publications, patents and patent applications mentioned in this specification are 
herein incorporated in their entirety by reference into the specification, to the same extent as if 
each individual publication, patent or patent application was specifically and individually 
indicated to be incorporated herein by reference. In case of conflict, the patent specification, 
including definitions, will control. 

In addition, citation or identification of any reference in this application shall not be 
construed as an admission that such reference is available as prior art to the present invention. 
To the extent that section headings are used, they should not be construed as necessarily 
limiting. 
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CLAIMS 

1. A cell study device, comprising: 
a base layer; 

a planar conduit defining layer, including a conduit cut out of the layer; and 

a planar cover layer which defines a capillary flow channel in said conduit layer, said 

conduit layer and said cover layer acting as side walls for said capillary flow channel, 

wherein said layers are formed of materials that do not interfere with cell behavior over a 

period of at least 5 hours when loaded with aqueous solution. 

2. A device according to claim 1, comprising a cell holding area defined in fluid contact with 
said capillary flow channel. 

3. A device according to claim 2, wherein said cell holding area includes at least one 
orientation mark visible under microscopy. 

4. A device according to claim 2 or claim 3, wherein said cell holding area is masked by a 
masking layer underlying said conduit layer. 

5. A device according to any of claims 2-4, wherein said cell holding area is mounted on 
said base layer. 

6. A device according to any of claims 1-5, wherein said cover layer includes an air hole for 
air release form said capillary flow channel. 

7. A device according to any of claims 1-6, wherein said capillary flow channel defines a 
substantially sealed waste reservoir with no fluid exit. 

8. A device according to any of claims 1-6, wherein said capillary flow channel defines a 
substantially sealed waste reservoir with an absorbent material as a fluid exit. 

9. A device according to any of claims 1-8, wherein said cover defines a fluid inlet area for 
said capillary flow conduit. 

10. A device according to any of claims 1-9, packaged in vacuum. 
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11. A device according to any of claims 1-10, wherein said conduit layer is permanently 
adhesive to said cover layer. 

12. A device according to claim 11, wherein said device is provided with a removable non- 
stick layer intermediate most of said cover layer and said conduit layer. 

13. A device according to any of claims 1-10, wherein said conduit layer is temporarily 
adhesive to said cover layer. 

14. A device according to any of claims 1-13, wherein said device is formed essentially of 
layered planar layers. 

15. A device according to any of claims 1-14, wherein said conduit layer is adhesive on both 
its faces. 

16. A device according to any of claims 1-15, wherein said layers are selected of dissimilar 
materials with dissimilar contact angles with fluids. 

17. A device according to any of claims 1-16, wherein said device has the form factor of a 
standard microscope slide. 

18. A device according to any of claims 1-16, wherein said device has the form factor of a 
standard microtitter plate. 

19. A device according to any of claims 1-18, wherein said materials do not interfere for at 
least 24 hours. 

20. A device according to any of claims 1-19, wherein said cover layer is openable for 
access to said capillary conduit and removal of cells therefrom. 

21. A kit, comprising: 

(a) a cell study device including a capillary flow conduit and a cell holding area; and 

(b) at least an indication of one or both of a capillary flow rate and a cell dislocation rate 

therein. 

22. A kit according to claim 21, comprising a plurality of different cell study devices, each 
with different sets of flow rate and dislocation rate. 
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23. A kit according to claim 21 or claim 22, wherein said indication is per one or both of fluid 
property and cell type. 

24. A kit according to any of claims 21-23, wherein said indication comprises a machine 
input indication. 

25. A kit according to any of claims 21-24, wherein said indication comprises a human 
readable indication. 

26. A kit according to any of claims 21-25, including instructions explaining said indications. 

27. A kit according to any of claims 21-26, including software on a computer readable media 
for using said indications. 

28. A pre-assembled and packaged cell study device including: 
a capillary flow conduit; 

a cell holding area; and 

at least one non-adhesive layer, designed for removal and interfering with adhesion of at 
least two parts of said device, said interfering inactivating said capillary flow conduit. 

29. A device according to claim 28, wherein said adhesion is permanent, when said non- 
adhesive interfering layer is removed. 

30. A method of assembling a cell study device, comprising: 

(a) selecting desired device characteristics; 

(b) selecting device components from a set of pre-manufactured components, said 
selected components selected to interact to provide said characteristics; and 

(c) assembling said components to provide said device with said desired characteristics. 

31. A method according to claim 30, wherein said set includes components of difference 
wettability. 

32. A method according to claim 30 or claim 31, wherein said set includes components 
defining different capillary flow conduit geometries. 

33. A method according to any of claims 30-32, wherein said set includes components 
defining different cell holding area geometries. 
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a capillary flow conduit having an inlet, enclosed on four sides and sealed on a distal 
end; and 

at least one air release aperture defined in a top of said conduit. 

35. A cell study device, comprising: 
at least one array of cell holders; 

a double sided adhesive layer masking some of said cell holders; and 

a layer defining one or both of capillary channels and walls mounted on said adhesive 

layer. 

36. A device according to claim 35, wherein said device comprises a plurality of fluidicly 
disconnected cell holder arrays. 

37. A device according to claim 35 or claim 36, wherein said adhesive layer is apertured. 

38. A device according to any of claims 35-37, wherein said walls are at least 2 mm high. 

39. A method of forming a cell study device, comprising adhering a plurality of precut dry or 
wet layers by applying pressure and defining at least one capillary flow channel between layers, 
thereby. 

40. A method according to claim 39, comprising: 
annealing said device under heat; 

soaking said device in a solvent matched to said adhering; and 
washing away said solvent. 

41. A method according to claim 39 or claim 40, comprising embossing a cell holding area 
on said device. 

42. A method according to claim 39, comprising essentially of said adhering. 

43. A method according to any of claims 39-42, wherein said adhering comprises adhering, 
or post treatment, in a low atmospheric pressure condition. 

44. A method of studying cells, comprising: 

(i) determining one or both of desired flow rates for fluid used during a study and a rate 
of cell dislocations for a cell type or aggregate used during the study; 

(ii) selecting a cell study device including a capillary flow conduit and a cell holding area 
to match said determinations; and 
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(iii) using said selected device with said cell type in said study. 

45. A method according to claim 44, wherein selecting comprises selecting from a plurality 
of devices in a kit. 

46. A method according to any of claims 44-45, wherein selecting comprises selecting 
according to a catalog. 

47. A method according to any of claims 44^46, wherein selecting comprises recommending 
by a computer. 

48. A method according to any of claims 44-47, wherein selecting comprises a device 
according to a contact angle between fluid used in the study and said capillary flow conduit. 

49. A method according to any of claims 44-48, wherein selecting comprises a device 
according to a conduit cross-section. 

50. A method according to any of claims 44-49, wherein said device has a capillary flow rate 
of less than 1 micro-liter per second. 

51. A method according to any of claims 44-50, wherein said device has a cell dislocation 
rate of less than 10% per said study. 

52. A method according to any of claims 44-51, wherein said device includes at least one 
baffle to control capillary flow rate. 

53. A method according to any of claims 44-52, wherein said device includes a substantially 
sealed exit reservoir with at least one air hole to control capillary flow rate. 

54. A method according to any of claims 44-53, wherein said device includes side walls in 
said capillary flow conduit which control capillary flow rate. 

55. A method according to any of claims 44-54, wherein said device includes one or more 
changes in geometry at said cell holding area, which changes control cell dislocation rate. 

56. A method according to any of claims 44-55, wherein said device allows application of 
cells directly to said cell holding area without capillary flow. 
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57. A method according to any of claims 44-56, wherein said selecting comprises selecting 
according to a desired delivery rate of cells along said capillary flow to said cell holding area. 

58. A method according to any of claims 44-57, wherein said cell holding area comprises 
non-adhesive picowells. 

59. A method according to any of claims 44-58, comprising modifying a fluid used during a 
study to maintain said desired rate. 
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FIG. 5E 
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